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RECFFTOR  BINDING  OF  DFXTROMETHQRPHAN  IN 
NORMAL  AND  ISCHAEMIC  BRAIN: 

A  COMPARISON  WITH  OTHER  UQANDS 


The  objective  of  this  project  is  to  invcstij'aic  dje  potential  significance  of  the  ncuroprotective 
agent  dexiromethotphan,  and  its  icccpior.  in  notmal  and  abnonnal  brain.  Dextromethorphan 
Is  a  non-opiou!  cvugli  suppiessaiu.  It  is  as  potent  as  codeine,  but  has  the  opposite  steric 
cutifiguiaiioii  (i.e.  it  is  dextrorotatory  rather  than  Icvorotatoty),  and  possesses  none  of  the 
CNS  pharmacology  normally  associated  with  opioids.  The  demonstration  in  1981  of  high 
affinity  binding  sites  for  dextromethorphan,  whieh  were  distinct  from  any  known 
ncurotiansmitter  or  ncuromodulator  sites,  was  followed  by  the  discovery  that 
dextromethorphan  also  possessed  significant  anticonvulsant  and  neuroprotective  properties. 

The  first  phase  of  my  project  was  to  examine  the  characteristics  nf  dextromethorphan’s 
action  at  the  receptor,  using  radioligand  binding  techniques.  In  general,  these  can  be  divided 
into  two  distinct  but  related  methods  The  first  of  the.se,  autoradiography.  USCS  br&ln 
sections,  and  allows  the  binding  of  the  radioligand  to  be  studied  in  situ.  The  advantage  here 
is  that  (he  cell<«1l  interaction.s  are  stUl  intaa.  and  this  should  thus  theoretically  resemble  the 
physiological  state  of  the  receptor.  In  addition,  this  technique  allows  the  anatuiuical 
distrihiittnn  of  the  receptor  to  be  studied.  However,  there  is  one  considerable  disadvaiuage 
a.s.snciated  with  autoradiography;  the  extremely  slow  throughput  of  material,  and  Uius  data, 
meaas  that  detailed  quantitative  information  on  (he  binding  of  several  ligands  is  difficult  to 
obtain.  The  other  radioligand  binding  method,  the  now  classical  test-tube  technique,  allows 
data  to  be  processed  much  mure  rapidly,  and  is  therefore  mote  suitable  for  studying  more 
accurately  the  kinetics  of  bindiiig  together  with  receptor  dcruitics  and  affinities  of  ligands 
binding  to  multiple  sites.  However,  this  technique  is  also  not  widiout  ha  disodvantagea.  and 
results  can  easily  be  misinterpreted.  For  example,  preparation  of  the  receptor  material  (i.e. 
homogenisation  and  sub-ccllutar  fractionation)  can  expos*  binding  litea  not  r.ormally 
accessible  to  the  radioligand  or  drug,  and  factors  influencing  binding  (a.g.  iorj)  may  be 
removed  during  the  preparation  procedure.  Overall,  it  w»  fait  appropriate  to  make  use  of 
both  techniques  for  this  project;  autoradiography  for  looking  at  the  anato'  ii.'al  distribution 
of  binding,  and  classical  techniques  for  the  quantitative  assessment  of  re  :eptor  densities  and 
understanding  the  pharmacology  of  the  binding  sites  in  terms  of  IC^qS  or  K,s. 

During  the  first  phase  of  my  project  I  have  attempted  to  rer'oduce  and  validate  work 
previously  carried  out  with  dextromethorphan  So  far,  this  h  involved  the  preparation  Of 
receptor  material  (brain  sections  for  aninradiography  and  .nembrane  fractions  for  test-tube 
e.xperimcnts);  actual  binding  experiments  using  radirlabelled  dextromethorphan  and  the 
appropriate  receptor  material,  including  preparation  of  various  buffers  and  solutions,  bodi 
according  to  e.stablished  methods  and  also  to  optimise  the  variuus  cundilions  used;  and 
subsequently  analysis  and  inteipretatlon  of  data.  Suiiic  uf  die  piellinuiary  results  obtained 
are  shown  at  the  end  of  this  repon.  Overall  I  feci  I  Iiave  mastered  the  various  techniques  and 
methodology  involved,  and  am  thus  picparing  to  go  on  to  the  next  phase  of  the  project, 
which  will  be  outlined  below. 


Dextromethorphan  has  been  shuwn  lo  be  an  effective  neuroprotceiive  agent,  being  active  in 
both  in  vliro  and  in  vivo  niodela  of  ischaemia.  It  is  widely  accepted  that  the  mechanism.^  of 
ischacmit  ticuional  damage  invoive  glutamate  recepton,  of  which  the  N*methyl-D>a.^partate 
(NMDA)  receptor  is  a  sub-type.  In  addition  to  its  own  high  affinity  binding  site, 
dextromethorphan  also  binds,  al^it  with  lower  affinity,  to  n  .site  located  on  the  ion  Channel 
associated  with  the  NMDA  receptor.  This  so-called  phencyclidine  (PCP)  Site  Is  modulated 
by  ligands  which  bind  to  the  NMDA  receptor.  Ihis  includes  NMDA  itself,  and  also  glycine 
and  polyamines,  which  bind  to  sires  distinct  from  the  NMDA  binding  site  and  wiiicb  are 
necessary  for  the  channel  to  open.  Antagonists  at  these  binding  sices  have  been  shown  to 
possess  neuroproteefive  activity.  Thus  it  would  be  of  Interest  to  compare  the  binding  of 
dextromethorphan  (and  a  fieries  of  structurally  related  analogues)  to  die  dextromethophan 
high  affinity  binding  site,  as  measured  using  f3Hldcxtroiiicihorphan,  and  also  to  both  the 
PCP  and  glycine  sites,  using  (3H]MK-801  and  [3H]glycinc  respectively.  To  this  end  I  have 
developed  radioligand  binding  assays  fur  both  glycine  and  MK-801  in  the  same  manner  as 
for  dextromethorphan. 

So  far  the  mechanism  of  the  neuroprotectivc  action  of  dextromethorphan  has  not  been 
established.  It  may  be  via  its  own  high  affinity  site,  or  it  may  be  via  its  action  at  the  PCP 
site  (cidtei  directly,  or  via  metabolism  to  dextroiphan,  which  has  a  higher  affinity  for  the 
PCP  site  than  dextromethorphan).  Thus  it  is  proposed  to  examine  the  binding  of 
dextromethorphan  not  only  to  normal  brain,  but  also  to  brains  which  have  been  Subjected  tO 
an  ischaemic  insult.  This  will  be  done  using  the  "middle  cerebral  artery  occlusion"  model  In 
the  rat,  which  has  been  shown  to  cause  a  reproducible  focal  cortical  infarct,  and  which  Is 
widely  used  to  study  the  neuroprotectivc  activity  of  drugs.  The  binding  of 
dextromethorphan  will  be  compared  with  that  of  other  ligands  associated  widt  neurotoxicity 
and  neuroprotection.  These  will  include  glycine  and  MK-801,  and  also  die  opioid  aniagunisi 
naloxone,  as  dextromethorphan  h«  at  least  one  pharmacological  effect  in  common  with 
certain  opioids  in  its  antitussive  action  and  naloxone  has  been  sliowu  to  possess 
neuroprofecTive  properties.  Binding  will  be  studied  both  in  nonnal  brain,  and  in  ischaemic 
brain  72  hours  post-occlusion.  after  which  time  infarct  funuaiioii  has  been  shown  to  be  near 
maximal.  If  differences  are  apparent,  a  time  cuuisc  Lom  0-72  hours  looking  at  binding 
versus  Infarct  formation  will  be  examined  in  more  detail.  As  the  middle  cerebral  artery 
occlusion  model  Is  a  complicated  one,  agreeaicni  has  been  reached  with  the  Stroke  Project  at 
Pfi/er  Cciiu  al  Research,  for  the  appropriate  training  in  this  technique. 

To  follow  on  from  this  work,  if  is  proposed  to  attempt  to  correlate  neuroprotective  activity 
with  levels  of  ihcsc  agents  acheived  in  the  brain  after  in  vivo  administration.  Generally,  if  a 
compound  binds  to  more  than  one  site  with  different  affinity,  it  is  assumed  that  the  high 
affinity  site  is  more  relevant.  However,  after  in  vivo  administration,  brain  levels  may  be 
achieved  such  that  the  relevant  action  of  the  agent  to  elicit  any  given  effect  is  at  lower 
affinity  sites.  This  may  especially  be  the  case  with  dextromefhoiphan.  Ihus  brain  levels  of 
the  above  agents  after  neuroprotective  doses  will  be  determined  subsequent  to  administration 
of  radiolobelled  tracer  in  vivo,  followed  by  purification  of  the  radiolabel  using  TLC  In  vitro. 


Results 


Figure  I  shows  a  typical  displacement  curve  for  [3H]DM  in  guinea  pig  brain  sections 
(lOpM).  Using  20t^  [3H]DM,  incubating  for  20  minutes  at  23®C,  and  washing  33t5min  in 
ice  cold  Tris-HCl  containing  0.01%  Triton  X-lOO  and  lOOmM  choline  chloride,  the  for 
dextromethorphan  was  found  to  be  380nM.  The  presence  of  more  than  one  binding  site  La 
indicated  by  the  low  slope  observed  with  rbis  curve 

Figure  2  demonstrates  that  the  binding  of  [iH]DM  to  guinea  pig  brain  crude  homogenate  Is 
proportional  to  the  amount  ot  protein  present.  Specific  binding  is  defined  as  total  minus 
non-specific  (in  the  presence  of  lOOpM  DM)  and  accounts  for  46-67%  of  total  binding, 
which  is  eapre.ssed  here  in  dpm. 

Figures  3  and  4  show  the  binding  of  r3HlDM  in  sub-ccllulai  fiaciions  of  guinea  pig  brain. 
Binding  of  DM  to  crude  (unpurified)  hutnugcuates  is  geaeially  found  to  be  of  low  affinity 
(-lOilM),  reflecting  the  greater  capacliy  of  the  low  affinity  site  for  dextromethorphan. 
The  fraciiuiu  were  picpaied  according  to  the  method  of  Dc  Robertis  ct  ol  (1962).  The 
binding  assay  was  performed  by  incubating  50pi  of  [3H]DM  (4nM)  with  400fil  of  protein 
and  50p.l  of  either  buffer  (Tris-HCl,  pH  7.4  @  23®C)  or  increasing  concentrations  of  cold 
DM  (InM-lOOpM).  Non-specific  binding  was  defined  with  ImM  DM.  Highest  affinity 
binding  was  found  in  the  microsomal  fraction,  with  lower  affinity  binding  in  synaptosomal 
and  mitochondrial  fractions.  Howaver,  binding  in  all  of  these  fractions  appears  to  be 
biphasic,  indicating  more  than  one  site  is  present,  although  this  could  be  due  to  incomplete 
purification  of  each  fraction  during  the  centrifugation  procedure  . 

Other  e.xperiments  were  performed  to  optimise  the  conditions  used  m  the  [3H]DM  binding 
assay  (data  not  shown).  Association  experiments  showed  that  equilibrium  wais  reached 
within  1  minute  at  23®C.  and  remained  stable  for  at  least  30  minutes.  Non-specific  binding 
of  t3H]DM  to  the  glaxs-tihre  tillers  proved  to  be  a  problem.  Presoaking  the  filters  in  Tris- 
H(!l  containing  either  Triton  X-lOO/choline  chloride  or  PEI  did  not  improve  the  ratio  uf 
specific  to  non-specific  binding,  or  using  OF/C  or  GF/F  filters  instead  of  OF/B,  or  including 
ImM  DM  in  the  presoak.  These  results  ate  in  cumiast  lu  those  lepoacd  (claiming  that 
addition  of  choline  chloride/Triiuii  X-100  to  the  filter  presoak  and  wash  buffers  reduces 
binding  of  r3H]DM  to  the  filicis),  ihc  leason  for  this  is  not  known. 

In  addition  to  die  dcAUOinediorphan  binding  assay,  assays  for  glycine  and  MK  801  have  also 
been  developed.  Both  use  an  extensively  washed  rat  crude  cortical  j;-  :  .  bufFy  coat) 

piepaiaiion.  For  the  glycine  assay,  50|il  of  [3H]glycinc  (20nM)  wa  ,  .v  -.th  400p.l 

of  protein  and  50pl  of  either  buffet  (50mM  Tris-ciirate,  pH  7  ^  (2  i  increasing 
concentrations  of  cold  glycine  (InM-lOOpM),  for  20  minutes  at  I’C  Non  -  pcoific  binding 
was  defined  with  O.ImM  glycine.  The  reaction  was  terminated  by  dilution  *  ith  3ml  ice -cold 
Tris-citrate  buffer  followed  by  rapid  filtration  through  GF/C  filters  presoaked  -2hf  in  Tris- 
citrate  buffer  containing  0.1%  PEI/lmM  glycine  to  reduce  non-specific  binding  to  the  filters 
All  of  the  preceding  steps  were  performed  in  the  cold  room,  and  the  whole  separation 
procedure  was  carried  out  as  rapidly  as  possible  (clOsec)  to  minimise  dissociation  of  the 
ligand  from  its  receptor.  For  the  MK-801  assay,  Tn<-H(  'I  (pH  7  4®  2  )  was  the  buffer 

used,  InM  (3H]MK-801  was  incubated  with  the  membrane.s  for  1  hour  at  23*C.  lOyiM  MK- 
801  was  used  to  define  non-specific  binding,  and  filtration  was  through  GF/B  filters 


presoakeU  in  5niM  Tris-IIO.  The  effects  of  added  glutamate  at  10|j.M  were  also  studied. 
Glutamate  increased  the  specific  binding  of  [^H]MK*801  by  nearly  60%  (frora  5863  to 
9178  dptn;  no  effect  on  non-specific  binding),  while  not  significantly  affecting  glycine 
binding. 

Experiments  are  also  in  progress  to  examine  the  effects  of  the  carbetapcntanc  and 
dextromethorphan  analogues,  obtained  from  Di  Newman  at  NIDA-ARC,  in  these  assay 
models. 

As  soon  as  the  final  data  fi^om  these  analyses  have  been  made  the  results  will  be 
conveyed  to  Dr  Tortclla  and  Dr  Newman. 


